Everard, EM, Harrison, AJ, and Lyons, M. Examining the relationship between the functional movement screen and the landing error scoring system in an active, male collegiate population. J Strength Cond Res 31(5): 1265-1272, 2017-In recent years, there has been an increasing focus on movement screening as the principal aspect of preparticipation testing. Two of the most common movement screening tools are the Functional Movement Screen (FMS) and the Landing Error Scoring System (LESS). Several studies have examined the reliability and validity of these tools, but so far, there have been no studies comparing the results of these 2 screening tools against each other. Therefore, the purpose of this study was to determine the relationship between FMS scores and LESS scores. Ninety-eight male college athletes actively competing in sport (Gaelic games, soccer, athletics, boxing/mixed martial arts, Olympic weightlifting) participated in the study and performed the FMS and LESS screens. Both the 21-point and 100-point scoring systems were used to score the FMS. Spearman's correlation coefficients were used to determine the relationship between the 2 screening scores. The results showed a significant moderate correlation between FMS and LESS scores (rho 100 and 21 point = 20.528; 20.487; p , 0.001). In addition, r 2 values of 0.26 and 0.23 indicate a poor shared variance between the 2 screens. The results indicate that performing well in one of the screens does not necessarily equate to performing well in the other. This has practical implications as it highlights that both screens may assess different movement patterns and should not be used as a substitute for each other.
INTRODUCTION

P
reparticipation testing has become an established process of identifying potential risk factors that may predispose athletes or active individuals to injury (1, 4) . Traditionally, preparticipation screening has involved isolated muscle strength and flexibility tests (1, 4) ; however, in recent years, there has been an increasing focus on movement screening as the principal aspect of preparticipation testing (7, 23) . Movement screening involves qualitatively assessing an athlete's movement patterns during various movements (7, 16) . A number of studies have reported that aberrant movement patterns have been linked with increased risk of injury (13, 16, 35) . Furthermore, movement patterns can be improved through specific interventions leading to a subsequent reduction in injury risk (16, 28) . Therefore, assessing movement patterns is of paramount importance as it is one of the only modifiable risk factors that may predispose athletes to injury (14, 32) .
Although a wide range of movement screens are currently used with active populations, one of the most popular and well-researched screening tools is the Functional Movement Screen (FMS). This provides a series of 7 tests that assess relatively complex movement patterns (overhead squat, hurdle, and lunge), core stability patterns (rotary stability and press-up), and "primitive" mobility patterns (shoulder mobility and active straight leg raise). The FMS is traditionally scored out of 21 (0-3) (7,9); however, Butler et al. (3) developed a 100-point scoring system to help differentiate movement ability of subjects. Several studies with athletic, fire-fighting, and military populations have reported that subjects with low FMS scores have a significantly greater chance of injury than their high scoring counterparts (6, 11, 22, 38) . However, the sensitivity in some of these studies is quite low (22, 23, 31) . A recent meta-analysis examining the relationship between FMS scores and injury risk in 7 peer-reviewed studies reported a very low sensitivity score of 0.24 (11) . Low sensitivity indicates that the FMS might class individuals as "low risk" who have in fact a high susceptibility to injury (11) . One reason for the low sensitivity associated with total FMS scores may be the poor internal consistency and low correlation between the 7 FMS tests, indicating that they do not assess the same underlying variable (8, 19, 25) . Another potential reason that the FMS might "miss" people who are still susceptible to injury during sport or activity may be that it does not include a dynamic test that requires high levels of eccentric strength and dynamic control to be performed correctly (11, 28, 32) . The mechanisms associated with many injuries, particularly acute knee injuries, are generally associated with poor mechanics that occur at speed during accelerating, decelerating, changing direction, or landing from a jump (16, 35, 36) . These actions require a large degree of eccentric strength and dynamic control to ensure correct performance. Since the FMS does not test these elements, this may limit its effectiveness in identifying subjects who are predisposed to injury (11) .
To address the potential limitations in current screening protocols, such as the FMS, dynamic field-based screens involving jumping and landing have been created (28, 32) . One of the most popular of these is the Landing Error Scoring System (LESS) (32) . The LESS involves undertaking a jump-landing task and aims to replicate the dynamic nature of activity and sport (32) . The scoring criteria for this screen are based on biomechanical faults that have been prospectively and retrospectively associated with injury as identified by "gold standard" 3D laboratory motion assessment (32) .
The FMS and LESS both aim to assess the underlying movement patterns required to reduce the risk of injuries associated with sport and activity (7, 32) . The fact that these 2 screens essentially have the same purpose may lead practitioners to choose one or the other to be more efficient with preparticipation testing. However, to the authors' knowledge, no study has examined the relationship between FMS and LESS scores, making it unclear whether these 2 screens provide the same information. Therefore, the aim of this study was to examine the relationship between the FMS (using both 21-and 100-point scoring systems) and LESS scores. Investigating this relationship will provide practitioners with insight into whether both tests provide similar information or whether these tests are measuring different components that should be considered separately. It is hypothesized that because of the increased dynamic nature and greater eccentric control requirements of performing the LESS compared with the FMS that there will not be a strong relationship between the 2 screens.
METHODS
Experimental Approach to the Problem
The study was designed to investigate the relationship between the FMS and LESS tests in an active college population. An active male college cohort was selected as both screens were originally proposed to be used with healthy active subjects (7, 22, 23) . Because of established differences in mechanics of males and females (13, 29, 39) , only males were selected for testing. The 2 dependent variables were FMS and LESS scores, and correlation analysis was determined as the most appropriate method of analyzing this relationship (26) . Since the LESS and FMS screens are both scored on ordinal scales, Spearman's correlation coefficient analysis was chosen (15, 26) . The FMS comprises 7 individual tests. Therefore, in addition to correlating total FMS scores with the LESS score, the relationship between individual FMS tests and LESS scores were also examined. Finally, a potential limitation of the FMS is that because of the ordinal nature of the 21-point scoring system (i.e., scores of only 0-3), differing levels of movement ability may achieve the same scores (3, 27) . This limitation has been proposed as one potential reason for the lack of correlation reported between FMS scores and performance tests (27, 33) . Although an ordinal scale, the 100-point scoring system of the FMS has been proposed to allow for more varied classification of movement ability (3) . Therefore, to address the potential limitation of scoring systems, this study examined the relationship of both the 21-point and 100-point FMS scores to the LESS scores of all subjects.
Subjects
Ninety-eight male college strength and conditioning students (age = 21 6 3 years; body mass = 77.27 6 10.4 kg; height = 1.77 6 6.85 m) involved in a variety of collegiate level sports (Gaelic games (43); soccer (26) ; boxing/mixed martial arts (7), Olympic weightlifting (10), and athletics (12)) participated in this study. Participants were engaged in sport on average, 3.5 times per week (range, 2-6 sessions$wk 21 ).
The local University Research Ethics Committee approved all procedures undertaken in this study. All subjects received appropriate explanation of the study, including the benefits and risks of participating. Informed written consent was obtained before testing commenced. All subjects were required to be 18 years or older, participating at least twice per week in either organized sports training or competition for over a year, with no medical condition that would compromise participation in the study (26) . Similar to criteria set out by Chobra et al. (6) , subjects were excluded from the study if they had sustained an injury that prohibited them from training or competition in the previous 30 days or had recent surgery that limited athletic participation. This was undertaken to limit the influence that a recent injury may have on screening scores (6, 26) .
Procedure
Subjects completed one testing session that involved recording key anthropometric data, such as height and weight and undertaking the 7 FMS tests and the LESS test in a random order. Body mass was measured using a digital scales (Utopia Digital Technologies, New Berlin, WI, USA). Height was recorded barefoot using a portable stadiometer (Ecomed Trading, Seven Hills, Australia). All assessments were conducted in a strength and conditioning teaching gym. Subjects were asked to refrain from intensive exercises and abstain from alcohol, caffeine, or any other stimulant that may influence their performance in the 24 hours before testing. All subjects had undertaken the FMS and LESS previously and so a learning session was not required (14) . Subjects were given both verbal instructions as described by Cook (9) for the FMS and Padua et al. (32) for the LESS and visual demonstrations of the actions (9). The testing was conducted by the principal author of this study, who is a chartered physiotherapist, certified athletic therapist, certified in FMS and has conducted over 1,000 FMS tests.
Functional Movement Screening
The FMS involves 7 tests that examine 3 different levels of movement difficulty (8, 9) . Three tests: the squat, lunge, and hurdle are described as higher level patterns, which are proposed to examine the 3 essential foot positions taken up in sport (bilateral jumping, changing direction, and running, respectively) (9). The rotary stability and press-up tests are known as "transitionary patterns" and predominately assess transverse and sagittal core stability of the body (9) . Finally, the primitive mobility patterns of the body are assessed by the active straight leg raise and the shoulder mobility tests (9) . In addition to the 7 tests, there are 3 pain clearing tests which help out rule the possibility of back or shoulder pain (9) . The FMS tests have been fully described previously in several publications (7, 22) .
Landing Error Scoring System
The LESS is a screening assessment that scores an individual's landing technique based on a set of 17 criteria that are easily observable to the human eye (32) . The task involves a subject jumping forward from a 30 cm box, landing on a designated spot that is a distance equal to half their height away from the starting position and then immediately jumping vertically as high as they can (32) (Figure 1 ). The scoring criteria for the LESS have been derived from previous research that have identified specific movements that may contribute to increased risk of injury, in particular anterior cruciate ligament injury (32) . The 17 criteria (Table 1) examine lower extremity and trunk motion in the frontal and sagittal planes from initial ground contact until the subject jumps again vertically and can be subdivided into 3 main categories. The first category scores the jump-landing technique in relation to trunk and lower extremity position at the time of initial ground contact (1, 4, 7, 14, 16, 23) . The second category scores any faults associated with the feet between the point of contact with the ground and the time of maximum knee flexion. The third category scores trunk and lower extremity movements between the point of initial ground contact and the time of maximum knee flexion. The final 2 scoring criteria require the examiner to judge the amount of overall sagittal plane movement at the hips and knee from initial ground contact to maximum knee flexion angle and to provide an overall impression of jump technique (Table 1) .
Data Collection and Scoring the Functional Movement Screen and Landing Error Scoring System
Both the FMS and LESS tests were recorded using a Sony HDD handycam (DCR-SR62 hard disk drive camera; Tokyo, Japan). Frontal and sagittal view recordings were obtained for all tests with the exception of the ASLR and shoulder mobility where only one view was necessary. Camera positioning was consistent with that of Butler et al. (3) with the camera positioned so that subjects could be fully observed during each of the 7 FMS movement patterns and the LESS test. Both FMS and LESS videos were analyzed using 2D video software (Dartfish Prosuite 5.5).
The tester was allowed to view the videos as many times as possible and as slow a speed as required to provide an accurate score.
Statistical Analyses
SPSS Version 22 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses performed. Data were analyzed using descriptive statistics, and LESS scores were reported as mean 6 SD as well as 95% confidence intervals and FMS scores as median (range). The FMS (21 and 100 point) and LESS scores were correlated against each other using a Spearman's correlation coefficient and alpha was set to a # 0.001. Spearman's correlations with Bonferroni adjustment were used to examine the relationship between the individual FMS tests and the LESS scores. The correlation coefficient strength was interpreted as described by Hopkins, where a rho value between 0-0.3 was small, 0.31-0.49 moderate, 0.5-0.69 as large, 0.7-0.89 very large, and 0.9-1 considered near perfect for predicting relationships (8, 18) . Finally, scatter plots were created to illustrate the relationship between FMS scores and LESS scores.
RESULTS
The median 21-point and 100-point FMS scores were 15 (range = 11-19) and 63.5 (range = 32-91), respectively. The FMS median scores are similar to the mean scores reported in similar active male populations (22, 27, 31) . The median score was reported rather than the mean because of FMS data being ordinal in nature (17, 18) . The mean LESS score (7.3 6 3.3) was approximately 2 points higher than that reported in a large military study (4.93 6 1.67) utilizing the LESS test, indicating the healthy male college population in this study had worse landing technique than the subjects in that military study (32) . Tables 2-4 display the correlations between the LESS and the total FMS scores and between the LESS scores and the individual FMS component tests, respectively. There was a significant, moderate inverse relationship between FMS and LESS scores in this athletic male population (rho 100 and 21 point = 20.528; 20.487; p , 0.001). Since lower scores in the LESS and higher scores in the FMS represent good performance, the results highlight that there is a moderate correlation between performing well in both the FMS and the LESS tests. The (100 and 21 scores, respectively) and LESS indicates a low shared variance between the 2 tests as illustrated by the scatter plot ( Figure 2 ) (8) . For the individual component tests, there were significant moderate correlations with the lunge and squat tests with the 100-point score, with weak or nonsignificant correlations between the LESS scores and the other 5 FMS tests (Table 3) . Only the squat test had a significant moderate correlation using the traditional 21-point scoring system (Table 4) .
DISCUSSION
The results of this study demonstrate a moderate correlation between the FMS and LESS screens. Regarding individual FMS tests, the lunge and squat had significant moderate correlations with the LESS test, whereas the other FMS tests had either nonsignificant or weak correlations to the LESS scores. In addition, the shared variance between the LESS and FMS scores was quite low (FMS 100 point and 21 point r 2 = 0.26 and 0.23). These results indicate that good performance in one of the screens does not necessarily equate to good performance in the other. This has practical significance as it highlights that the FMS and LESS assess different movement patterns and should not be used as a substitute for one another. It also indicates that improving the scores in one test will not necessarily result in improvements in the other. The composite 21-point FMS score for this study (15.34 6 1.79) was similar to other studies involving active sporting males (15.09 6 2.18 [26] , 16.9 6 3.0 [12] , and 15.7 6 1.9 [29] ), suggesting that this sample had movement patterns typical of other healthy, male cohorts. There have been no large studies reporting normative data using the 100-point scores; therefore, it will be interesting to observe whether future studies using the 100-point scale report similar mean scores to this sample (63. 16 6 12.22) . The mean LESS score (7.37 6 3.3) was similar but slightly higher than that reported in other studies (4.93 6 1.67), indicating that the sample in this study had poorer landing mechanics than previously reported in active populations (32, 37) . This was unexpected since cohorts examined in previous studies using LESS have included both male and female subjects (32, 37) . It has been noted that active females generally have significantly worse landing mechanics than their male counterparts (13, 29, 39) ; therefore, the fact that the mean of a large group of males would be slightly worse than large groups including both males and females is somewhat unexpected. The differences may be due to the participants in this study being collegiate athletes, whereas Padua et al. (32) examined LESS scores in a military population. More studies utilizing the LESS are required in active populations before definitive normative data can be established.
Before discussing reasons for the disparity between the LESS and FMS, it may be pertinent to discuss the potential contributing factors for the moderate correlation witnessed between the LESS scores, the FMS composite score, squat, and lunge tests. One potential reason may be the similarities in mechanics and muscle recruitment between the tests (2, 5) . The squat, lunge, and LESS tests involve triple extension and flexion of the ankle, knee, and hip joints (7, 32) . Good performance in all 3 tests is categorized by the absence of transverse and frontal plane motion at the hip, knee, and trunk (7, 31, 32) . Caterisano et al. (5) reported that good squat performance involved significantly greater activation of the gluteus maximus than poor squat performance (5) . Some authors have commented that posterior chain development and correct sequenced muscle activation are essential in developing better jump technique and performance (16, 28) ; thus, perhaps those who exhibit coordination limitations and poor activation of the posterior chain muscles in simple squatting and lunging actions also display faults in more dynamic jump-landing actions (10, 21) . The lack of similarity between the other FMS screens and jump-landing tasks could be a potential reason for the nonsignificant or weak correlations reported for these other component tests.
As mentioned previously in this discussion, the results of this study indicate that good performance in the FMS tests does not necessarily equate to good performance in the LESS (Tables 2-4 ). There are several potential reasons for the low shared variance between the FMS and LESS one of which is the slow, controlled nature of the FMS tests compared to the dynamic nature of the LESS jump test. The FMS does not involve any screen performed at speed (7). Dynamic jump-landing tests, such as the LESS, are performed at a much greater speed and as such involve much greater dynamic control to be performed correctly (16, 19) . Furthermore, none of the FMS tests involve rapid decelerations that require high levels of eccentric control to be performed correctly (16) . The LESS test involves a rapid deceleration when landing from a 30-cm box before accelerating back into a jumping action (32) . To manage the rapid deceleration, a large degree of eccentric strength is required (19) . Poor shock absorption and greater ground reaction force, which are associated with poor eccentric strength, have been linked with poor landing technique and a subsequent greater risk of injury (16, 24, 30) . Therefore, owing to the relatively controlled nature of the individual FMS tests, poor eccentric strength may not be a limiting factor in performing the FMS; thus, limiting the ability of the FMS to predict performance in dynamic landing tasks where good eccentric control is of paramount importance (16, 28) .
A limitation of this study was that it only examined the relationship between the 2 screens in healthy, college, male athletes, thus limiting the generalizability to more diverse populations. However, a male-only subject group was chosen since various studies examining dynamic tasks and jump-landing screens have reported significant differences between sexes (13,29). Nagano et al. (29) reported that healthy, sporting females can display landing mechanics 5 times worse than males (29) ; therefore, females were not included in this study to prevent this influencing the correlations reported. In addition, although the FMS has now been studied in several different populations (12, 20, 34) , the FMS and LESS were both originally proposed to be used with healthy active subjects (7, 8, 32) ; therefore, it was considered appropriate to examine the relationship between these 2 screens with this active population.
PRACTICAL APPLICATIONS
The results of this study indicate that the 2 screens do not assess the same movement patterns. Practically, the findings of this study indicate that the FMS, and its component tests, have limited capacity to identify performance in dynamic jumplanding tests in healthy college males. Therefore, strength and conditioning specialists and healthcare providers should not consider these screens to be interchangeable or assessing the same capacities. From the results, it cannot be established which screen (FMS or LESS) more accurately identifies the poor mechanics in sport associated with increased chance of injury. Future studies should examine both screens against potentially "gold standard" 3D assessments. It is also recommended that both screens should be used in prospective injury studies to examine whether one screen is more effective at predicting injury risk or if a combination of both identifies injury risk most effectively in active cohorts.
